
M E T H O D S  

S C A N N I N G  A T T A C H M E N T  F O R  A M I C R O S C O P E  

F O R  C Y T O S P E  C T R O P H O T O M E T R Y  

E .  M.  B r a z h n i k o v ,  Y u .  E .  M o r o z o v ,  
N.  V .  N i k o l a e v a ,  B .  L .  P e r e v e r z e v ,  
S .  M .  P e t u k h o v ,  E .  K .  R u s s i y a n ,  
a n d  A .  K .  B o z h k o v  

UDC 615.471 : 616-073.584-71 

The design of a scanning a t tachment  to be fit ted to a biological mic roscope  for  absorpt ion 
spec t ropho tomet ry  of biological  objects  is descr ibed.  

Quantitative m e a s u r e m e n t s  in the study of biological  m i c r o - o b j e c t s  became  feasible  mainly through 
the introduction of cytophotometr ic  analys is  and, in pa r t i cu la r ,  of absorpt ion  spec t rophotomet ry ,  the object 
of which is to de te rmine  the concentra t ions  of va r ious  substances  in the cell  and in i ts  f ragments .  Cyto-  
photometry  is based  on the L a m b e r t -  Beer  Law, express ing  the re la t ionship  between the optical density 
of an object and the concentrat ion of absorbing mate r i a l .  However,  this  law is val id only for  a homogeneous 
distr ibution of m a t t e r ,  and this is obse rved  e x t r e m e l y  r a r e l y  in biological  objects .  Application of the L a m -  
b e r t -  Beer  law to s y s t e m s  with a nonhomogeneous distr ibution of m a t t e r  leads  to cons iderable  e r r o r s .  To 
inc rease  the accuracy  of m e a s u r e m e n t ,  the object to be studied is broken up into a r e a s  with more  or l ess  
uni form distr ibution,  a f te r  which the mean or  integral  value of the optical density is de termined.  Sys tems 
giving automat ic  d isp lacement  of a r a y  of light ove r  the t es t  object a re  cal led scanning devices.  The c l a s s -  
ification and construct ional  detai ls  of scanning ins t ruments  are  given in K a t y s ' s  monograph  [2], and as  ap-  
pl ied to the analys is  of mic roscop ic  objects ,  they have been descr ibed  by o ther  w o r k e r s  [1, 3, 4]. 

When developing a scanning ins t rument  for  the mic roscope  of a cy tospec t rophotomete r ,  the choice 
fell  on an op t ica l -mechanica l  s y s t e m  with a ref rac t ing  scanning e lement .  Such a sys t em,  with high l inear i ty  

�9 of scanning, enables  the scanning ins t rument  to be designed as an a t tachment  to the biological  mic roscope ,  
to which it is fi t ted instead of the objective holder .  An oscil lat ing t r a n s p a r e n t  p lane -pa ra l l e l  plate is used 
as the e lement  deflecting the beam.  As the beam pas se s  through the plate,  which l ies  at a ce r ta in  angle 
to it, the beam is displaced by an amount h, de te rmined  by the equation 

8 
h = c ' - ~  " sin (a -- 13), 

where ~ is the angle of incidence of the beam,  fi the angle of re f rac t ion ,  and 6 the th ickness  of the plate.  

The following conclusions can be drawn f r o m  analys is  of this equation: 

1. If the plate osci l la tes  within the l imit  of • 10% displacement  of the beam is ,  for  p rac t ica l  purposes ,  
propor t ional  to the angle of incidence of the beam.  

2. Scanning can also be c a r r i e d  out if the angle of inclination of the plate r e m a i n s  unchanged, for  
which purpose  the re f rac t ive  index or  the th ickness  of the plate must  be changed (continuously or  d iscre te ly) .  
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Fig. 1. Theore t i ca l  design of m i c r o -  
scope with scanning a t tachment  for  
cy tospec t ropho tomet ry  (explanation 
in text) .  

3. During work in the v is ib le  par t  of the spec t rum,  because 
of d i f fe rences  in the r e f rac t ive  index of beams  of different  wave-  
lengths,  the beam will be broken up, and this  must  reduce , to  some 
extent, the resolv ing  power  of the sys tem.  This  defect is not p r e s -  
ent if the investigation is c a r r i e d  out in monochromat ic  light. 

In the f i r s t  type of a t tachment  to the MBt-6 biological  m i c r o -  
scope,  scanning along the line and f r ame  is achieved by means  
of a single p l ane -pa ra l l e l  r e f rac t ing  plate ,  which osc i l la tes  in two 
mutually perpendicu la r  planes.  The frequency of osci l lat ion was  
chosen so that during movement  along the f r a m e  the beam de- 
sc r ibed  30 l ines .  The t r a j e c t o r y  of movement  of the b e a m  was 
of the sawtooth va r i e ty ,  so that  loss  of t ime  during the r e tu rn  
course  of the beam was e l iminated.  The size of the scanned f r ame  
can be changed by fitting a plate of different th ickness  f r o m  an 
avai lable  s e r i e s .  

In the most  recent  designs,  the k inemat ic  dr ive s y s t e m  has 
been s impl i f ied  cons iderably  by dividing the function between two 
p lane -pa ra l l e l  p la tes ,  p laced behind the object ive of the m i c r o -  
scope.  One plate made frequent osci l la t ions and displaced the 
beam along the line, while the other  plate ,  revolving around its  
axis perpendicu la r  to the plane of osci l lat ion of the f i r s t  plate,  
moved  the beam along the f r ame .  Both pla tes  were  rep laceab le ,  
so that  not only the size of the scanning f r a m e ,  but a lso  the ra t io  
between its  s ides  could be changed. The scanning t r a j e c t o r y ,  as 
in the f i r s t  type,  was  of the sawtooth va r i e ty .  

The theore t ica l  scheme of the MBI-6 mic roscope  for  cy tospec t ropho tomet ry ,  with the scanning a t -  
tachment  fi t ted,  is shown in Fig. 1. 

F r o m  the spec imen ,  i l luminated by t r a n s m i t t e d  light and placed on the stage of the mic roscope  (1), 
the beams  pass  through the object (2) and p l ane -pa ra l l e l  p la tes  (3) and (4) and fall  on the p r i s m  (5), which 
d i rec t s  the beams  into the focal plane of the c a m e r a  oculars  (6) where  an image is obtained of the objective.  
The c a m e r a  ocu la rs  (6) pro jec t  the image onto a type F~U photoelect ronic  mul t ip l ie r  (7) through an ap p e r -  
tu re  (8) in an opaque s c r e e m  A p r i s m ,  consis t ing of a cube (9) with co lo r - s e l ec t i ve  coating is p laced be-  
tween the c a m e r a  ocu la rs  and the FI~U i n s t r u m e n t ,  direct ing a smal l  pa r t  of light into the optical  s y s t e m  
of the observat ion  tube (10). 

The drive for  the osc i l l a tory  movement  of the p l ane -pa ra l l e l  p la tes  (3) and (4) cons is t s  of a synchro-  
nized e lec t r i c  motor  (11) with inbuilt reducing gea r  and cams  (12) and (13), which in terac t  with sp r ing-  
loaded l eve r s  (14) and (15). The c a m  (12), fi t ted to the w o r m  shaft (16) of the reducing gear ,  is cardioid  
in shape,  thus giving a un i form angular  d isp lacement  to th& plate (3) and, consequently,  a constant scanning 
speed of the image along the line. The angle of inclination of the plate (3) with the horizontal  is 8 ~ in both 
direct ions.  During scanning of the f r a m e  the plate (3) makes  30 complete  osci l la t ions,  so that 60 l ines can 
be obtained in the f r am e .  The profi le  of the c a m  (13) fixed to the shaft of the w o r m - d r i v e n  pinion (17) is 
so designed as to give l inear  angular  d isp lacement  of the plate (4) during scanning of the line and its rapid 
r e tu rn  to the original  posi t ion in a t ime  of about 3% of its per iod.  

Hence,  during osci l lat ion of the two pla tes  the FI~U success ive ly  examines  the f r ame  through the ap-  
pe r tu re  (8). The size of the scanning f r a m e  can be va r i ed  at will within wide l imi ts , suf f ic ient  to allow the 
study of any cytological  object,  s imply  by changing the th ickness  of the plate and the magnif icat ion of the 
mic roscope .  The duration of scanning, which is control led mainly by the poss ib i l i ty  of v isual  control  over  
the p r o c e s s ,  is i8 sec.  

A synchronous FD-54 e l ec t r i c  moto r  is used  in the a t tachment ,  and i ts  inbuilt reducing gear  gives 
a veloci ty  of 102 r p m  at the output. The p a r a m e t e r s  of the worm- reduc ing  gea r  a re  as follows: modulus 
0.3, t r a n s m i s s i o n  ra t io  1/34. The a t tachment  is supplied with a set  of t r a n s p a r e n t  p l ane -pa ra l l e l  p la tes  made 
of K8 optical  g l a s s ,  16 x 16 m m  in a r ea  and f r o m  1 to 7 m m ,  at 1 m m  in te rva l s ,  in th ickness .  "Of all the 
photoelectronic  mul t ip l i e r s  tes ted ,  the best  r e su l t s  were  obtained with the Ft~U-27. 
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The scanning attachment as designed above has been used in a recording cytospect rophotometer  built 
at the Institute of Chemical Phys ics ,  Academy of Sciences of the USSR. Tes ts  with this device have dem- 
onstra ted the high rel iabi l i ty of the instrument  and the stability of the l inear i ty  of its scanning over  a long 
period of t ime.  The simplici ty of design of the at tachment,  and the fact that it can be used over  a wide region 
of the spec t rum enable it to be recommended  for  wide use in cytological investigation. 

The Institute of Chemical  Phys ics ,  Academy of Sciences of the USSR, will send drawings of these 
scanning at tachments to in te res ted  organizat ions.  
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